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EXECUTI VE SUMVARY

During the period from Cctober 29through Novermber 16, 1979
a US teamof six individuals with broad shipbuil ding experience
visited six Japanese shipyards. The intent of this visit was to
identify and exam ne |ow investnment, high return Japanese ship-
bui I di ng technol ogy. The objective of this project is to stinu-
late U. S. shipbuilders to adapt and adopt these advanced techni -
ques in their yards to inprove productivity.

This report reflects the consensus findings and concl usions
of the U S. team and recommends several specific projects for
the National Shipbuilding Research Program (NSR.P)I.

Based on observations in the six Japanese yards visited,
the followng itens are cited as the prinmary reasons for their
high productivity:

(1) The utilization and application of the logic and prin-
cipals of zone planning and construction.

(2) The devel opnent and use of a very effective material
classification scheme for definition, procurenent,
and control of naterial.

(3) The extensive use and continual devel opment of high
qual ity shipbuilding standards and nodul es.

(4) The rationalized devel opment and use of effective
cost/ manhour reduci ng conputer aids.

Wil e these techniques and methods are of unquestioned val ue
In achieving productivity inprovenents, it is also inportant to
note the human aspects of their application. Japanese ship-
bui I di ng personnel are highly educated, trained, notivated and
experienced managers and workers, and, therefore exhibit a very
hi gh | evel of individual productivity.

The following are a list of recommended projects (described
in detail in section (6.1):

I
The NSRP is a cooperative effort between the Maritime Adm nistra-
tion's Ofice of Advanced Ship Devel opment (the sponsor of this
project) and the U S. shipbuilding industry.
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(1) Zone Planning - An expanded text of Qutfit Planning to
Include hulT and painting aspects of ~zone construction.

(2) Zone Pl anni ng Exanple - a panphl et containinP exanpl es
of diagrammtics, material ordering zones, block break-
down, pallet lists etc. for a IH ship which would nost
characterize U 'S. ship construction.

(3) Zone Planning Educational Aids - Educational aids in
witten and graphic formto assist |ower and mddle
managenent in inplementation.

(4) Handbook for Production Process Pl anning and Engi neering -
manual on the function and methods of production pro-
cess planning and engineering as practiced by the nost
successful Japanese shi pbuil ders.

(5) Electric Cable Palletizing - A panphlet describing the
methods of precutting cable for palletizing and installation.

(6) Shi pbui | di ng Standards: Long Term Cbjectives - The |ong
term development of a conprehensive set of standards
for functional and detail design, and production pro-
cesses.

(7) Shi pbui | di ng St andards: Functional Design Standards
for Machinery Spaces - Devel opnent of functional design
standards for machinery spaces and rel ated systens.

(8) Construction Services - A manual illustrating and de-
SCribing net hodS by which construction services could
be installed to conveniently supply needed services in
a preplanned nanner.

(9) Jigs, Fixtures and Special Tools - a mmnual illustrating
and describing the use of these devices in both foreign
and donestic shipyards.
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1. 0 | NTRODUCTI ON

In January 1979 a study entitled, Technology Survey of Major
U.S. Shipyards[l]] was conpleted and docunented for the Maritine
Adm ni stration by Mrine Equipnent Leasing, Inc. In the course
of this survey the level of technology used by a cross section
of U S. shipyards was conpared to the |level of technol ogy used
by foreign shipyards.

One of the ground rules enployed in this study was to ensure
that at |east one Japanese shipyard should be in each set of
yards conpared to each U S. shipyard because of Japan’'s preeninence
in world shipbuilding.

In conducting this study a major objective was to encourage
i ndividual U 'S. shipyards to examine in depth the areas where the
difference between U.S. technology and foreign technology is the
greatest.

A significant conclusion of this study is that the first nine
critical areas (Appendix A) in which US. Shipyards are using |ow
technol ogy are prinmarily nanagenent and systems (or nethods) ori-
ented, and, these nine areas would require mnor capital investnent
to inplenent.

There are sone indications that Japanese nmanagenent techni -
ques are not just applicable in the Japanese cultural environnent
but are applicable in the U S environnment. Some data which sup-
port this conclusion are:

« The fact that SONY has established nmanufacturing faci-
lities in the US.  The one which is managed by
Japanese personnel has greater productivity.

e Productivity (especially as it related to quality of
product) has inproved significantly at the Mtorola
Co. (now Quasar) since it has been purchased by
Bhtsgshlta and Japanese managenent techniques 1ntro-

uced.

| Numbers in brackets designate references at end of this report.



e Fujitsu Fanuc is about to open a factory in subur-
ban Chicago to produce Nunerical Controllers. The
factory will be Japanese managed because Fujitsu feels
this wll insure high productivity.
In sumary, the Japanese appear to have achieved high |evels
of productivity in shipbuilding as a result of the managenent and

systens rel ated approaches they are using.

2.0 PRQIECT OBJECTI VES

There are exanples of successful transfer of Japanese tech-
nology to US. shipbuilding in the areas of welding, automated
pi pe fabrication and other areas also requiring large capital
investnent. \Wile this type of technology transfer is unquestion-
ably valuable it was not the focus of this project.

Rat her the objective of this project was to identify and exa-
mne low investment, high return Japanese technol ogy (methods,
procedures, management and organizational techniques) for the pur-
pose of stimulating U S. shipbuilders to adapt and adopt these
techniques in their yards to inprove productivity. This exam na-
tion was made by a team of individuals having broad shipbuilding
experience to:

1. ldentify the specific techniques or nethods

2. Prioritize the value of these techniques

3. Qutline a plan for naking these techniques available
to U S. shipbuilders in the nost efficacious manner.

3.0 PRQJECT TEAM

The U S. team formulated for this project consisted of the
follow ng six individuals:

Louis D. Chirillo Todd Pacific Shipyards Corp.

Peter E. Jaquith Bath Iron Wrks Corp.

Charles E. Jonson Sci ence Applications, Inc.

John J. McQuaid Nati onal Steel & Shipbuilding Co.
(Retired)

Ell sworth L. Peterson Pet erson Buil ders, Inc.

James R Vander Schaaf |ITRI (Project Director)

Sunmary biographies of these individuals are jncluded in|Appendix B.
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4.0 JAPANESE YARDS VISITED

The Japanese shipyards were sel ected based upon II TR con-
tacts with the Ieading shipbuilding conpanies in Japan and their
expression of interest in participating in this project. The
foll ow ng organi zations were visited during the period from
Cct ober 29 through November 16, 1979:

1. Ishikawajima-Harima Heavy Industries Co., Ltd. (IH)

e Kure Shi pyard
« Al 0i Shipyard
« Tokyo Shi pyard
2. Mtsui Engineering & Shipbuilding Co., Ltd.

o Tokyo Head O fice
e Chi ba Shi pyard
e Tamano Shi pyard

3. Nippon Kokan Kabushi ki Kai sha (NKK)
e Shim zu Shipyard

Wth the exception of the Mtsui Chiba Shipyard, all of these
were old yards that had been nodernized. |n all cases, these
shi pyards were building orders of (-4)vessels of non-standard
design so a good conparison could be made with U 'S practice.

I'n 1978,the Japanese Government requested that all shipbuilders
reduce their facilities by 35 percent in order to overcone the
crisis caused by the oversupply of oil tankers and a |ack of new
orders. As a result all of the conpanies above have reduced their
enpl oyment and have cl osed some of their new | arger shipyards.

IH has closed its new Chita shipyard and NKK has cl osed its nost
nmodern yard at Tsu

5.0 KEY OBSERVATI ONS

Notw t hstanding the reduction in Japanese shipbuilding capacity,
shi pbui I ding production was high by U S standards. As an exanple,
the Mtsui Tomano shi pyard produced 9vessel s (190,960 gr oss tons)
in 1978with a total shipyard workforce of 3370 plus 2500 indivi-
dual s from subcontractor organizations. In all yards, direct |abor



manhours and construction schedul es were approximately one half
when conpared to U S. practice. Cbservations relating to this
high productivity and key factors influencing it are detailed in
the follow ng sections of this report.

5.1 Schedul i ng and Contr ol

A typical Japanese m | estone schedule for the construction
of "a new design non-standard cargo, bulk, container or
RO RO Ship is as fol |l ows:

Contract Award to Start Fab - 6 Months
Start Fab to Keel

Keel to Launch - 2 "
Launch to Delivery -3

14 Mont hs

Further detail for this schedule is provided in|Figure 5.1.
Anore detailed mlestone schedule for a Mtsui bufk
carrier is shown in([reference 3, |page 2-4.

oA typical IH schedule for a 5200 ton destroyer is shown

in|Figure 5.2

oIn order to achieve the very short shipbuilding periods
illustrated in these figures, Japanese shipbuilders have
found it necessary to parallel the design, material pro-
curenent and production phases as illustrated infFigure 5. 372, 4].

« Japanese Shipbuilding Schedules are nornally Gantt Charts
or simple lists. IH, Kure personnel, indicated that
they had tried PERT/CPM Networks and found them too inflex-
i ble for the shipbuilding environment. They did, however,
indicate that they had used a conputer network anal yses
system (PM5) for the design and production of a floating
power and pulp plant for the Amazon River. The reason
given for using network analyses on the latter project
I's the fact that their previous shipbuilding experience
did not directly relate and they needed a nore detail ed
analysis to identify critical paths and establish schedul es.

o Scheduling and control of both the front end and produc-
tion phases are sinplified by the conmmon zone or area
orientation of the design, planning, scheduling, |abor/
material control and production.

‘Paral | el design, material procurement and production is nore readily
schedul ed and controlled with a product-oriented detailed design.
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MAJOR 5. BASIC DESIGN C.A. s.z. g Z z
MILESTONES A A
BASIC DESIGN
||FUNC. DESIGN
DESIGN TRUC DETA
OUTFIT DETAIL DESIG
FABRICATION |
HULL | assensLy |
CONSTRUCT TON ERECTION |
FABRICATION
ON UNIT
OUTFITTING ON BLOCK
[ ON BOARD |
A FINAL SIGHT
A INST MN ENG
A ACT SSDG
OUTFITTING A DOCK TRIALS

i

nwwikd: 3. TYPICAL WITH MINOR ADJUSTMENTS FOR A NON-STANDARD CARGO, BU

4. BASED UPON REF, 3 AND NOTES ON IHI

LK, CONTAINER, OR RO/RO SHIP,

.

3,4
FIGURE 5.1 - TYPICAL JAPANESE MILESTONE SCHEDULL FOR COMMERCIAL CONSTRUCTION
L4




1976 1977 1978 1979 1980

MILESTONES tfelastelofofslafofals]afo]oafas]lalaloaflsl]a
CONTRACT AWARD A
START FABRICATION A
KEEL —A
LAUNCH A
BOILER & DECKHGUSE INST. A
START MECH TRIALS A
START ELECT/VEAPON TRIALS A
DELIVERY TAY

NOTES: 5 - TYPICAL FOR A FIRST OF CLASS HAVING SIMILAR MACHINERY TO A PREVIOUS CLASS

6 - LIMITED ON UNIT AND EXTENSIVE BLOCK OUTFITTING WAS USED ON 1ST HULL
7 - BASED UPON IHI NOTES ON TOKYO D.D.H. CONSTRUCTION

FIGURE 5.2 - TYPICAL IHI SCHEDULE FOR A 5200 TON DESTROYER




Conventional Qutfitting

) Del i very-
Desi gn
Mat ' 1 procurenment v
Producti o,
Ship Building Period
>

Zone Qutfitting

_De5|gn Delivery
‘hmrl Pr ocur enent | \/
Production
Ship Building Period
>
Figure 5.3

t hough schedules are sinpler and in |ess detail than
S. practice, control appears excellent in all areas.

Addi tional explanations and exanples of Japanese Shi p-
bui I di ng Schedul es can be found in Reference £3], pages
5-4 to 5-11, and in Reference [4], pages 30-33.

5.2 (Organi zati on of Wrk

o A
U

« The organi zation of work has been further sinplified by
the product or zone orientation of both the design and

roduction organizations. A typical product or zone
Breakdomn used with m nor nDd|gygﬁt|onsp|n oth design

and production is as follows:

- Hull Construction (Hull Fabrication, Assenbly
and Erection)

- Accommodation Qutfitting (Qutfitting of
Accondati on Spaces)



- Deck Qutfitting (Qutfitting of Cargo and Deck Areas)
- Machinery Qutfitting (Qutfitting of Machinery Spaces)
- Electrical Qutfitting (Al Electrical Qutfitting)

This is shown-for commercial shipbuilding in Figures
| 5.4_and15.5. The production outfitting division organi-
on i fied for naval construction as shown in
| Figure 5.6.

o« All production work in the fabrication, assenbly/pre-
outfit, and on board outfit phases has been organized
by zone or area through the use of working plans and
material lists Lpal[et lists). Systenms take precedence
over zones at the tinme of shipboard testing.

The Pallet (workpackage) is zone or area oriented in
order to sinplify scheduling and control of |abor and
material. This is illustrated by|Figure 5.7.

oA simlar approach has been taken by |H Tokyo in their
construction of the DDH, a 5200 Ton Twin Screw Destroyer.

o« The followi ng categories have been devel oped by IH to
assist in defining pallet breakdowns.

1. On-block*outfitting after a steel block is turned
over for material preassenbled into a Unit.’

2. On-block outfitting for material pre-assenbled into
a unit.

3. On-board outfitting for material pre-assenbled into
a unit.

4. On-block outfitting for material to be installed
pi ece by piece.

5. On-block outfitting after a steel block is turned over
for material to be installed piece by piece.

6. On-board outfitting prior to an area being closed in
by an overhead bl ock.

7. On-board outfitting by zone or area prior to system
testf (or other key events such as launch, trials.
etc.).

8. On-board outfitting prior to |aunch.
9. On-board outfitting after |aunch.

10. On board outfitting general category for items such
as spare parts and touch up.

“The installation of outfit components, which could include a unit: onto
a hull structural assenbly or block prior to its erection.

°An assembled interium product consisting of manufactured and nurehacad
components not incuding any hull structure.

“Installation of any remaining outfit material and the connection of wunits
and/or outfitted blocks.

8



onP DES

oV DEPT

BUSI NESS

ADM NI STRATI ON

DESIGN PROJECT —
GROUP

ACCOMMODATION
< DESIGN

A
@ A 5

DESI GN DECK FI'TTI NG

DESI GN

NOTE :  ELECTRI CAL FI TTI NG DESI GN
COVER ALL ZONES

HULL STRUCTURAL
DESIGN

ACCOVMODATI ON
DESI GN

DECK FI TTI NG
DESI GN

NAVAL VESSEL
DESI GN

FIGURE 5.4 - IH KURE Organization of Design Division




‘ FI TTING WORK SHOP

PRCDUCTI ON  PLANNI NG
& ENG NEERI NG GROUP

Pl PE FABRI CATI ON
I NTERI OR FI TTI NG SHCOP

/ \ >§/ 7
/

| NTERI OR FI TTI NG

S [ | —

N\ AN
MACHI NERY FI TTING SHOP DECK
MACHI NERY OPERATING SHOP  F| TTI NG

:

DECK FI TTI NG SHOP

SHOP

NOTE :  ELECTRICAL FITTING MACHI NERY FI TTI NG
& PAI'NTI NG SHOPS SHOP
COVER ALL ZONES

MACHI NERY OPERATI NG
SHOP

ELECTRI CAL FI TTI NG
SHCOP

—_— PAI NTI NG SHOP

S

FIGURE 55-1H KURE - Organization of Qutfitting Division
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HITTING IORK SHOP

PRODUCTI ON PLANNI NG
& ENG NEERI NG GROUP

Pl PE FABRI CATI ON

ELECTRI CAL _FI TTI NG _SHOP

HuLL ( DECK)

/  ORDNANCE/ WEEPONS FI TTI NG _SHCP
I MACHI NERY

| FITTING SHOP
MACHI NERY FI TTI NG SHOP M MACHI NERY

MACHI NERY OPERATI NG SHOP CPERATI NG SHOP
ELECTRI CAL

NOTES : (1) ALL AREAS NOT CLTTING SHOP

MACH ., ELEC. OR

ORD. ARE MANAGED

BY HULL FI TTI NG

SHOP ORDNANCE /WEAPCNS
SHOP
(2) PAINTING & ELEC.
FI TTI NG SHOPS COVER
ALL ZONES

PAI NTI NG SHOP

FIGURE 5.6 - |H TOKYO - Organization of Qutfitting
Division for Naval Vessels



TI ME/ ACTIVITY

CONVENTI ONAL  QUTFI TTI NG

Conventional system oriented
wor k packages cross multiple
zones (areas)and tines (acti-
vities) giving limted control

CONVENTIONAL
WORK PACKAGE.

|~
<0
— TR
&,\,oj\ e
@‘3},@ PALLET

ZONE QUTFI TTI NG

Zone oriented pallets cross
multiple systens but align
directly to production work
bei ng acconplished by zone
(area) and tine (activity)
thus giving good control.

FIGURE 5.7 - Concept of Palleting or Zone Qutfitting



e The organization of outfit

| evel of a typical diesel
trated as follows:
- 5 Structural Bl ocks

- 3to 4 Pipe Units

in the engine room | ower
machi nery space is illus-

- 10 -12 Machinery Units

e The nunber of Pallets or MFs (Pallet Mterial
for typical IH standardvessel sare ShomnlnflgureS.S.

e The transition from zone or

Li sts)

area consturction to svstem

conpletion in the piping area takes place at testing.

The testing of commerci al

ship piping systens is nornally

done by zone as a result of the zone orientation of the
outfitting crafts and to support schedule conpletion of

i ndi vi dua

o CQutfit

Z0nes.

parts,

5.3 Desi gn  Appr oach

ol n Japanese Shipyards the design effort

four stages:

1. Basic Design -

2. Functional Design-

3. Detail Design -

4. Work Instruction Design -

ot her than piping,
fabrication locally thus sinplifying interna

are subcontracted for
control

is divided into

Prelimnary design calcul ations,
general arrangenent, nachinery
arrangement, m dship section,
scantling plans, and system dia-
grans. (Perforned in the Tokyo
Head Office.) It is nore com
plete than U S. practice.

The conpletion of key draw ngs

such as arrangenents, system
di agrans, structural scantling
pl ans, etc.

The conversion of functional de-
sign information into zone or
area oriented structural and out-
fit working draw ngs.

Structural lofting, pipe
sketching, and the devel opnment

of other detail fabrication
sketches required to fabricate or
purchase small subassenbli es.

13



KIND OF N ASS.  |ERECT TOTAL
VESSEL ZONE | BLOK [UNIT  [ONIT ERECT | TOTAL |WNITS |
ACC 34 | 408 | 442 0
FREEDOM Lo | 132 56 8 109 | 305 6
15,000 TON MC | MACH 66 30 49 107 | 252 79
gLEcT | 90 44 82 | 216 4]
TOTAL. | 322 86 101 706 | 1215 | 187
ACC 24 285 | 309
E?FEB%’V'TW Wi o | 185 1 187 | 373 1
MACH 32 17 45 227 | 321 62
ELECT | 11 19 52 82 19
TOIAL |, 252 | 11 55 751 [ 1085 [ 92
ACC 69 159 | 228
oo gy HALQUAT 138 ) 63 | 203
gy NACH 35 81 110 226
ELECT| 33 88 | 121
TOTAL- __ 275 83 420 | 778
ACC 87 2 230 323 7
BC HULL
oee o o431 | 118 33 106 | 636 | 149
60,000 TON [ wacH 32- | 18 78 144 | 272 96
| ELecT ! 46 | 173 | 219
TOTAL | 596 | 134 113 662 | 1505 | 247
ACC 83 5 262 | 350 5
b C QUTEET | 515 94 14 12 | 765 | 138
168, 000 TON '
MACH 55 23 93 171 | 342 | 116
ELECT | 49 201 | 250
TOTAL | 702 | 117 | 142 746 | 1707 | 259
ACC 58 18 5 234 | 315 23
VLCC L ot | 532 136 101 151 | 920 | 237
250,000 TON MACH 84 5 106 | 208 | 403 | 111
ELECT | 40 | 196 | 236 |
TOTAL | 714 [ 159 212|789 ] 18.74 374
ACC 96 19 17 275 | 407 | 36
VLCC HLL OFIT 487 | 124 83 139 | 833 207
250, 000 TON NACH 88 32 115 190 | 425 147
ELECT g5 223 | 308
TOTAL | 756 | 175 | 215 827 | 1973 . 390

*Material |ist for Pallets/Wrk Packages

Fl QURE 58 - No. of Pallets or MFL's®for IHI Standard Vessels

14




Functional, detail, and work instruction designs are
normal |y acconplished in the yard design office.

eQutfitting working plan devel opment has been streanlined
through the use of “Conposite Qutfit Arrangenment Draw ngs”.
The use of the Conposite Qutfit Arrangement Plan is a key
element in the reduced working plan devel opment tine
achi eved by Japanese Yards vs. U S. practice. This is
Illustrated hy a Flow Chart of Qutfitting Wrking Plan
Devel opnent,| Figure 5.9.

o A description of Qutfitting Wrking Drawi ngs or Conposite
Qutfit Arrangenment Drawings is as foll ows:

- Engine Room Lower Level - Drawi ngs include
foundatTons; piping; grating franmework,
plating, and handrails; piping supports;
and | adders.

-Deck Piping - Draw ngs include piping;
rails; ladders; deck fittings; piping
supports; and foundation installation.

-+ Forecastle Deck - Drawi ngs include deck
frttings; equipnent and foundation installa-
tion; grating framework, plating and hand-

rails; piping; and piping supports.

- Accommpdations - Three draw ngs were used;
a) plplng, ventilation, |adders, equipnent
and foundation installation; b) joiner in-
stallation and c) electrical installation.

e« The outfitting conposite drawings reviewed at all the
shi pyards were not sophisticated drawings. The piping
was shown as one line although the flanges appeargd to
be shown double |line. The conposite draw ngs did include
el evations, sections and details and the draw ngs were
coded with symbols or by shading to indicate the installa-
tion stage, i.e. on unit, on block, or on board.

« Piping and ot her system diagrans are devel oped in sche-
matic form by deck level simlar to U S practice. pjping
diagrams are conplete in all respects and along with the
machi nery arrangements are the only piping draw ngs sub-
mtted for agency approval. The piping diagrans are used
in conjunction with machinery arrangenents to deternmne
the pipe lengths for the purpose of sizing and material
cal cul ati ons.

15
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« Both functionaland working plan devel opnent are greatly
assisted through the use of conprehensive standards and
extensive experience on previous vessels.

. Tﬁpical structural working plans include deck, side
shel |, web frames, etc. for the conplete block or for
a grQup of simlar blocks. Structural working plans do
not Include foundations which are issued on a separate
book plan by area or zone.

« Mterial is ordered in progressive stages throughout

the functional design, detail design, and work instruc-
tion design phases in order to suit material lead tines.
Long lead material is ordered by the Tokyo office during
ghfbh”q'c design phase. This is illustrated by Figure

The design is devel oped based upon intensive planning
and Froductl on input early in the design process. hig
Is also illustrated by |Figure 5.10.

N«¢

« The working plans and material |ists (Pallet Lists) pro-
vide a comon docunentation for design, planning, sche-
duling, labor/material control and production.

« Additional explanations and illustrations of the Japanese
desi gn process can be found in reference 3. pages 3-1
to 3-8 and in reference 4 pages 7 through 11.

Docunented standards or guidance data for use in the areas of
funftlpnal design, detail design, planning production and quality
control.
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54NMaterial Definition and Procurenent

e« Requirenents for shortened periods between contract award
and delivery dictate an overlap of design, material
definition and procurement, and Production. Mtsui per.
sonnel indicated that on new ship design work, nearly al
material was defined at the point at which approxi mtely
30% of the total design man-hours had been expended.

«Materials are defined and procured early thru the use
of a unique series of standard classifications of naterial
(I'H') and by utilization of the concept of purchasing zones
used in design to schedul e accel erated procurenent.

« The rel ationships betweTn?dengn,_Lbe material lists and
procurenment is shown in|Figure 5.11 along with a defini-
tion of material classification terns.

« The use of these concepts to organize nmaterial require-
ments so that purchase and manufacturing orders can be
placed as early as possible is a key elenment of high
Japanese productivity.

« See reference 4 pages 21 through 24 for nore details concern-
i ng spe0|fg|q? and procuring materials through the use of
ar

t hese stan classifications. These concepts are explained
in detail in reference 2.
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Functional Design

Material Detail Design

Work Preparation Design

MLC

h J

Sorting and Collating

\

P/0 for Manufact. P/0 for
Long Lead Order Short Lead
Time Mt'l Medium Time Time Mt'l
. + +
_.l Long Lead Time M.1. (Supplier) ’\/
M’ 1. Manufacturing (Shop) P Pal | et

Raw Materi al

short Lead T1me AN
Mat'|. (Supplier) /[

Notes :  MLs  Material List by (ship's functional) System
(by purchasing zone)

M.LP  Material List for (manufacture of) Pipe (pieces)

MLC  Material List for (manufacture of) Conponents
(other than pipe) (this is a |list of subcontractor
fabricated materials)

M.F Material List for Fittings (per pallet, i.e., per
work zone per work stage)

Figure 5.11  Relationships Between Design, Mterial Lists and
Procur enent
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5.5 Shi pbui | di ng St andards and Modul es

¢ Both IH and Mtsui have devel oped extensive standards
for use in functional design, detail design, planning,

pr oduction and quality control.

Figure 5.12 provides a classification of |H standards.

Figure 5.13 [ists the numbers of various |H standards.

e According to IH, Kure personnel, standards have been
devel oped to reflect the highest quality based on new
requirements and reflecting the experience of the past.
The use of standards is sold to the owner, during tech-
nical negotiations prior to contract award, based on the
principals of proven service experience, reduced delivery
tinme and reduced cost. '

e The use of standards and nodules in this manner is a key
element in the significantly reduced design and production

costs and schedul es achieved by Japanese Shipyards vs. U.S
practice.[5]'°

e |H's design approach appears heavily oriented to the
use of design standards which have been devel oped based
on Standard ship design. See|Figure 5.8 for exanples
of standard IH designs. Altht desi gn standards
are based on standard ship designs, they have been devel -
oped with the idea of solving a range of problens ver-
sus solving the specific design problens presented by
the ship being designed. Mtsui, on the other hand,
bases their designs on previous ships having simlar
engi ne types and power ranges. Neither IH nor Mtsui
aPpear to have a totally conprehensive docunmented set
of standards covering all ship types. Standards for
tanker and bul k ships appear to be very thoroughly
devel oped, while standards for liner ships are |less com
pletely devel oped.

e Both IH and Mtsui have single main engine vendors for
both | ow speed and nedi um speed diesel. | H manuf act ur es
the | ow speed Sul zer and nedi um speed Pielstik engines
while Mtsui manufactures the |ow speed B&W and a medi um
speed Mtsui engines.

e Design and material standards start at the |evel of indi-
vi dual conponents and pieces of raw material and include
progressive tiers to the level of standard machinery
arrangenent nodul es and system diagrans for various stan-
dard ships and various sizes of standard steam or diesel
power plants.

'®Reference 5 by Y. Ichinose. |H contains a detailed description
of IH standards and nodul es.
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» The design of system nodules using IH functional
design standards is illustrated in|Figure 5.14. | |n this
case, the design standards have allowed for alternative
srsten1capabi|ities and the designer selects from these
alternatives to create the functional and working draw
ings for a new ship design.

« An exanple of machinery conponent standards is illustra-
ted by|Figure 5.15. | These standards appear to have been
devel oped to a range of requirenments instead of being
desi gned around a specific ship type.

Functional design standards for a 60,000 ton bulk carrier
engine room design'!’included the following:

- Engi ne Room arrangenment based on a single
engine type with alternative nunber of cylinders.

Machi nery arrangement including plan, elevation
and section.

A list of key equipnent including alternate ven-
dors except for the main engine.

Al system di agrans.

- An arrangenent of machinery units or outfit pack-
ages.

Machi nery nodul e desi gns.

Parts liSHS for individual sytems and machinery nodul es
|

17The majority of machinery units or outfit packages shown for
this design were based on standard machi nery nodul es which are
system oriented. Exanple, lube oil purification, fuel oil treat-
ment, jacket water heat exchangers, etc.
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« | H personnel indicated that thﬁg have previously forwarded
to Bath Iron Wrks, as the MARAD Standards Program Manager,
a proposal for technical assistance in the area of stan-
dards devel opnent. This proposal should be carefully re-
viewed, although, at this point, M. Hanada of IH, indi-
cates that the question of selling IH"'sstandards or
assistance in standards devel opnent is a question that
requires conplete review by IH top managenent.

* Mtsui design standards, in the form of design manuals
and design check lists, were reviewed. These design stan-
dards provide substantial guidance to designers in the
formof partial system diagrans, tables or graphs sim
plifying engineering calculations, check lists of itens
required to properly conplete functional or working draw
I ngs, check lists of itens required to ensure reduced
costs in the production area and check lists, based on
experience, of items causing either production problens
or problems in the guarantee area.

« This approach to standards has provi ded Japanese shi pyards
a formalized way of docunenting their experience and of
devel opi ng new design or production procedures docunented
in a manner that they can be nodified as required to suit
new owner or service requirements.

« Addi tional explanation and exanples of Japanese practice
in the area of shipbuilding standards can be found in
Reference 3, pages 3-7 to 3-16, and Reference 4 pages
14 through 19.

e« Although IH appears to have nmoved further in devel oping
conpr ehensi ve shi pbuil ding standards, both Mtsui and IH
shoul d be considered as potential subcontractors for the
devel opnent of a conprehensive standards program

23



Raw materi al

'S — s o0 _
Basi ¢ conponents
(Basic Mat eri al
st andar ds) standards
Standard fittings
Units
Desi gn standards
Shi p- L_g Production enginegering
bui Pdi ng Fned OT. standards s
ngineering
St andar ds (standards _?
Inspection standards
SOl ---- Machi nery standard Drwgs.
SD2---- Practice Drwgs.
SD |
St andard SD3---- Components, fitting stan-
Dr awi ngs dard Drwgs.
SD4---- Standard Di agrans
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cl classification of Standards Nos.
1

Mat eri al Common conponents 600

st andar ds
Hul I fittings 600
SO Machi nery fittings 200
IS l Electric fittings 200
Sub-t ot al 1, 600
Desi gn standards 1,100
Production eng. standards 100

Sor
| nspection standards 200
Sub- t ot al 1,400
Machi nery draw ngs SD1 1, 200
Conponent and fitting standard dwgs 350
Ot her gui dance draw ngs 350
SD
Sub-t ot al 1, 900
G and total 4,900
!

FIGURE 5.13 - Nunbers of |IH Standards

183Dl are standards where a change must be the result of a mutual
agreenent between IH and a vendor or subcontractor.
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T

Mach No. MO 2 3
Drain Pump (Large Size)
Type V E C
. 3, 500X150
Cargo Pump Cap. m3/h x m | 3,500x125} 4,000X125 | 4’ goox150| 4, 000X150| 4, 500X150[ 5, 000X150
Cargo Pump Sets KWxrpm 3 | 3 | 4 4 i 4
Capacity m3/h x m 70 x 90 80 X 90 | 90 x 95 | 110 x 95 | 130 x 95 | 70 x 100
Model No. EvVZ 100 lwz 130 J3VZ130- 2 EVZ- 130
S;tand. Drwg. No. SDX 140011360A 440011380 440011390 | 440011380
| Motor capacity | Kwkrpm | 37 x 1800 45 x1, 800 55 x 1,800( 75 x 1,c00| 45 x 1,800
§ lotor Model No. ’
=l 4 ; 56 - 76 ~ 78 - 9% - 118 - -
= | Capacity range | m3/h x m | 55 o 95 | 100 x 90 95 x 95 | 110 x 95 1%8 X 95 Sg - 100
Weight Pump
Motor
Mode . 200 x 100~ 300 x 150-]250 x 125~
odel No SYCSE-A 250 x 125 - 2VCDS - A SVChsoA | “3vchsia
Stand. Dbrwg. No, S DI t40021730A 440021740A 440021390 | 440021740
m | Motor Capacity KWxxrpm 7 x 1,800 45 x 1,800 55 x 1,800|75 x 1,800}45 x 1,800
'§ Jotor Model No.
d
8 . 51 - 80 - 91 - 130 ~ 70 -
Capacity range | m3/h xm | 35 ¥ 90 | 100 x 90 95 x 95 | 110 x 95 [ 140 x 95 | 85 x 100
, Pump t
Weight -
Motor t

FIGURE 5.15 - Sample IHI Machinery Component Standard



56 Qutfitti ng Approach

«Qutfit Planning is a termused to describe the allocation
of resources for the installation of conponents other
than hull strucure in a shiﬂ. Met hods applied in Japanese
shi pyards have produced such benefits as FZ]:

(1) Inproved safety

(2) Reduced cost

3) Better quality

4) Shorter periods between contract award and delivery
5) Adherence to schedul es

« Three key features of the nethodol ogy are that the out-
fit design and planning functions are intimately |inked,
that they are Ii1nked because their principal product
is the definition of nodular, sonetimes nultisystem units
called “interimproducts”, and that the design and Planning
of these units is controlled largely on the basis of geo-
graphical regions in the ship called zones.

e« Zone outfitting as devel oped by Japanese Shipyards is
broken into three basic stages listed by order of

priority.

- O-unit _ _ o
The assenbly of an interium product consisting of
manuf act ured and purchased conponents not including

any hull structure.

- On-bl ock
The installation of outfit conponents, which could

include a unit, onto a hull structural assenbly or
bl ock prior to its erection.

- On-board o _ _
Installation of any remaining outfit material and

the connection of units and/or outfitted bl ocks

eOn-unit outfitting has the highest priority because of
Its mniml inpact on hull construction schedul es, and,
because it is performed in shops which provide ideal
wor ki ng conditions and pronote higher productivity.

elH and Mtsui stated the follow ng man hour savings
for on unit and on block preoutfit:

on unit. vs. on board = 70% savi ngs
on block vs. on board = 30% savi ngs
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« A high degree of on-unit outfitting was observed in all
shi pyards perform ng commercial construction.

e Pictures of the DDH construction viewed in IH Tokyo
indicated limted use of on unit outfitting and exten-
sive on block outfitting.

« The primary enphasis of Japanese shipbuilders is on
mexi m zing the on-unit outfit function. The key ad-
vantage of this approach are:

(1) increased outfit |evels

(2)reduced construction tinme due to parallel construc-
tion of structure and outfit.

(3)reduced interface of outfit and structural trades
during steel assenbly.

(4)i mproved sequencing and control of work. Earlier
application of |abor and material.
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57D nmensional Contro

Structural dimensional control was very advanced in the

yards visited. Nld%h%P ugits were fapricated neat with
no stock, and nost bow and stern bl ocks were cut neat

at assenbly.

The dinensional control approach was described as the
monitoring and control of each fabrication, sub-assenbly

and assenbly operation based upon worker and supervisory
qual ity control inspection and docunentation.

Dimensional!_ controcl1 standards were stated to be based
upon experlence and statistical projecti i
upon e Proj ons of cumulative

This system is considered key in their low assembly and

erection manhours as fit up
ior was excellent
was minimal. end rework
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5.8 St eel

Constructi on

N«

The bl ock breakdown is defined very early in the contract
and is a key input into the devel opment of functional
and detail design.

The steel plate and shape storage yards are very snall
compared to U S. practice. Steel i1s nornally delivered
only one or two days prior to fabrication.

Steel fabrication and assenbly shops are large and very
wel | laid out. The area of steel assenbly shops to ship
erection area is greater than U S. practice.

Steel plates were typically laid out using optical pro-
jection in the electro-photo marking process (EPM.

After layout, the plates were transferred to a cutting
conveyor where they were cut to shape nmanually. Linited
use of numerical control cutting machi nes was observed.

Steel shapes were laid out and burned to shape manual |y
whil e moving on conveyors. The burning conveyors for
Qlates and shapes were simlar to those used in the US.

he use of conveyors in these applications elimnated
crane and handling tine.

Limted use of plate rolls and presses was observed.
Heat |ine bending of plates was observed in all ship-
yards visited except IH Aioi [6].

Subassenbly areas were large and well laid out. The
subassenbly of snall floors and web franes was typically
acconpl i shed on a nmoving conveyor or on raised post
nocks.  The subassenblies for tanker web frames included
staging clips, small lifting pads for use in assenbly,
and handgrabs or |adders for use during assenbly an
erection.

IH has a preference for the “egg crate” assenbly method
because with a panel Iine:

(1) There are nore trimand alignment problems wth
stiffeners.

(2) Mre facility is required.
(3) Autonatic fillet welders are a bottleneck

Directly after the flame planing or cutting of |arge

plates to size, they were joined together and automatic
wel ded with one side welding to form plate blandcets.
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After welding of the grid assenbly, it was joined to
ére glat plate bl anket to form a conplete flat pane
ock.

Pin jigs were extensively used for the assenbly of
curye%jbilge and side shell units in all shipyards
vi si t ed.

Al'l structural blocks were nechanically cleaned and
ainted prior to erection. Only limted capability
or reblasting conpleted bl ocks were observed in

storage waiting for-erection.

M dship bl ocks were fabricated neat with no stock,
and nmost bow and stern blocks were cut neat at final.
assenbl y.

Extensive use was nmmde of jigs throughout the assenbly
and erection process.

Per manent access was designed into non-tight structura
menbers to facilitate access during assenbly and erec-
tion.

Heat, line fairing, to correct weld distortion, was
observed at all subassenbly and assenbly stages. [6]

Large capital intensive jigs or work fixtures had been
devel oped for tanker and bulk carrier construction.
These 1 nclude the follow ng:

(1) At the Mtsui Chiba Shipyard, the Rotas System
was used for the construction of large 60" |ong
by 1400 ton wing tanks. These large blocks were
assenbled on end, the vertical jornts were welded
using the electro-slag process, and then the com
plete block was rotated nechanically for welding
In various positions. After the conpletion of
wel ding, the block was transferred nechanically to
the edge of the dock, |owered into the dock, and
transferred nechanically to the erection position.

(2) At IH Kure Shipyard, a mechanical devise for
rotating large flat panels on end and providing
mechani cal staging was observed. This system was
used to allow conpl ete downhand wel ding of the
web frane to panel connecti ons.

(3) At the IH Kure and Aioi Shipyards, mechani zed work
units had been devel oped to provide staging and
services as well as nechanical assistance in the
erection, fairing, and meldin? of shell, |ongitu-

di nal bul khead, and deck panels on |arge tanker
and bulk carriers.
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5..9 Wl di ng

e The welding process is defined very early in the con-
tract and 1s a key input to the devel opnment of functional
and detail design.

e Subassenmbly wel ding was acconplished using gravity
roFF. The quality of gravity rod wel ding appeared ex-
cel lent.

e Flat panel seans were wel ded using one side subnerged
arc welding. The one side welding process was used for
t hi cknesses of 9-30 MM (3/8 '-1%). The welding of the
three dinensional grids to the flat plate blanket was
acconpl i shed using gravity rods.

e Curved panel seans were welded using submerged arc weld-
Ing agalnst a tenporary backing nmaterial. The welding
of stiffeners and web frames to curved panels was accom
plished using gravity rods.

e It appeared that all fitting was acconplished prior
to releasing the blocks for welding. In some yards the
assenbly and wel ding of flat panel blocks was accom
plished on a slowy noving floor conveyor.

e FErection welding was based on the maxi num use of auto-
matic and sem -autonmatic wel ding processes. Typical
processes are as follows:

(1) Deck plating was wel ded with submerged arc
using tenporary backing.

(2) Vertical shell and bul khead butts were wel ded
using the electro-slag process.

(3) Sloping or overhead surfaces were wel ded using
050|Ilat|n% fluxcore or solid wire MG agai nst
temporary Dbacki ng.

(4) Vertical deck |ongitudinal were welded using the
el ectro-slag process. Deck |ongitudinal
were flat bar to facilitate this process.

(5) Bottom shell, side shell and |ongitudinal bulk-
head stiffeners were wel ded using the electro-
slag process for vertical surfaces and the sub-
merged arc process for horizontal surfaces.

Mtsui has developed and is testing two versions of

wel di

t

I m
3.

ng robots for fully automated fillet welding. A
ed anount of information is contained in reference
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5.10 Conmput er Al ds

« Extensive application of conputer aids to all aspects of
ship design and construction was evident in all Japanese
yards, especially those of IH and Mtsui. [Figure 5.16[[7]
Il lustrates the conprehensive coverage of shipbuilding
apFIications at |H. Refer also to[Figure 5.17 |which’is
a list of applications in use at IH. lgure 5.
illustrates a simlar situation for Mtsur.——This situa-

tion probably applies as well to NKK [15], but since |ess
information was obtained fromthem it cannot be stated.

«A wealth of information on various conputer aids was dis-
tributed to the U S. team This is contained in reference
3, pages 3-17 through 3-26, 4-1 through 4-7, and references
7 through 15. The salient_yoints pertaining to devel op-
ment and use of conputer aids are highlighted in the
follow ng paragraphs.

* IH’s aimin conputerization is rationalization: comu-
terization does not directly inply the act of using com
puters, but rather is a nmeans of rationalization, by which
the quality of the work involved is inproved by the pro-
cess of job review undertaken in applying conputers.

Since IH has a significant nunber of conputer applica-
tions in place, it has obviously realized significant pro-
ductivity increases through this process.

eBoth IH and Mtsui have devel oped conmputer applications
in areas where the return on investment is the greatest.
The follow ng paragraphs cite specific exanples.

« Both conpani es have devel oped and are using applications
in the outfitting area that consist of material contro
(mai ntenance of material |ists, procurenent, palletizing)
and outfit scheduling '°. The conputerization of material
l'ists for procurenent and palletizing is considered by
IH to be one of their nmost inportant applications.

'9THI utilizes manual scheduling for ship construction, but uses
computer scheduling for complex projects such as the floating

papgr.pulp factory (approximately 400 milestones and 30,000
activities).
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FIGURE 5.17 - MAJOR SHIPBUILDING SOFTWARE SYSTEMS IN IHI
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eBoth IH and Mtsui have devel oped and are using sytens
for automated pipe fabrication (Mtsui Chiba and |H Aioi
They al so use conputer applications for piping design an
engi neering which either interface to their automated pipe
shops or produce fabrication instructions (pipe piece
drawing and material |ists) for manual or sem automated
pi pe fabrication. Their systems also produce pallet in-
formation for pipes. Mtsui claimed a 60% reduction in
man-hours for 70% of the pipe fabrication jobs by utiliza-
tion of their MAPS system[10] (a systemfor both design
and automated fabrication). A 50% reduction in man-hours
was cited in using this system for preparation of pipe
piece drawi ngs and material lists. [3]

o Conput er ai ded structural design and production systens
were in use in all yards visited. In these systems in
particular, the natural growth of conputer devel opnent
and usage has been fromthe production department back up
through the shipyard organization into design and engineer-
Ing. These systems in general exceed current AUTOKON
capabilities in that part coding, nestln% and definition
of part of the internal ship's structure have been inple-
mented using interactive techniques, mniconputers, and
earlﬁ data base managenent nethods. [3,7,8,9,11, 14, 15]

In the past (1968 through 1976) |H devel oped four separate
computer systens for structural design and production.
Significant reductions in manhours (12.8 manhours/NC tape

to 3.5 manhours/NC tape) were reported by Mtsui in utilizing
an interactive mniconputer based system for part coding

and nesting when conpared to their conventional APT |ike
system [9]

« The use of standards and nodul es was described in section
5.5. It is apparent that the use of standards with an
appropriate conputer system has strategic inportance in
increasing productivity. The following is a quote from
reference 5.

“Standards and nodul es show their greatest
advantage when integrated with a conpre-
hensi ve conputer system As the design and
production process is consistently nodu-
larized, the conputer can autonatically out-
put necessary draw ngs, material lists, N C
t apes, purchasing and production contro
parameters, etc., fromvery limted input
data. Modifications to meét owner’s options are
easily available by replacing the input data
of applicable nodules.”



« |H has inplemented an advanced interactive conputer aided
design system (for both structure and outfitting) called
SEABIRD [7,8,11] which utilizes an early data base manage-
ment system (IMS). This system was used on ten. ships
and resulted in a 30%savings in design cost and tine.
This systemis no longer in use due to an excess of
experienced designers (in the current depressed narket)
and the costs required to update it to new conputer
technol ogy (hardware primarily). |H states they wll
use SEABIRD in the future when business inproves. A
significant aspect of this systemis that it nakes use
of IH s standards and nodul es.

o |H applied over 3900 nan-days consulting services and
t he devel opment of very detailed conputer system and
program specifications for Italcantieri in the follow ng
areas:

(1) Hull erection system and scheduling
(2) Material control system
(3) Budget and cost control

(4)Unit outfitting methods and outfitting scheduling
system

(5) Aut omat ed pi pe manufacturing and system
(6) Subassenbly met hods for hull construction.

As a result, over a 6 year period Italcantieri, Mnfalcone
prognsssed from three 260,000 Dwm tankers per year to five
per year.
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6.0 CONCLUSI ONS ~ AND  RECOMVENDATI ONS

Based on observations nmade in the six Japanese shipyards

visited, the following itens are cited as the primry reasons
for their high productivity:

(1) The utilization and application of the logic and
principals of zone planning and construction.

(2) The devel opment and use of an very effective material
classification scheme for definition, procurenment, and
control of material.

(3) The extensive use and conti nual devel opnent of high
quality shipbuilding standards and nodul es.

(4) The rationalized devel opnment and use of effective
cost/ manhour reduci ng conputer aids.

Wil e these techniques and nethods are of unquestioned
val ue in achieving productivity inprovements, it is also inpor-
tant to note the human aspects of their application. Japanese
shi pbui I ding personnel are highly educated, trained, notivated
and experienced nmanagers and workers, and, therefore exhibit a
very high level of individual productivity.

6.1 Recommended Projects

A consi derabl e amount of research and docunentation of
Japanese nethods and techniques has already been performed wth-
in the National Shipbuilders Research Program and is available
with the publication of Qutfit Planning[?2].

Several key U S. shipyards (Avondale, Levingston, Nationa
Steel, and Sun Shipbuilding) have already initiated studies of
IH s or other |eading shipbuilders methods.

Enmphasis is being placed within the various panels of the
Ship Production commttee to identify projects which will assist

U.S. shipyards to adopt the techniques of zone planning and con-
struction.

Wth these considerations in mnd, and based upon the con-
clusions cited above, the project team has devel oped a series
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recommended projects. |t should be noted that these recommended
projects also address the nine areas cited in the Technol ogy
Survey of major US. shipyards [1], as those which would require

mninum investnent to inplement. Fyrthernore, these recomenda-
tions are specifically oriented toward projects which will per-

mt a nore rapid adoption of the Japanese technology. The foll ow
Ing pages detail a series of proposed projects for the National
Shi pbui I di ng Research Program
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TITLE :  Zone Pl anni ng

Background:  The book, Qutfit Planning, published in December 1979
by the Nafional ShipbuiTding Research Programintroduced an advanced
approach whi ch was devel oped by Ishikaw jInma-Hari ma Heavy |ndustries
CO., Ltd. (IH). It enploys zones very productively, but inpacts
del eteriously to sone degree on shipbuilders’ traditional goals

to nmaxi mze steel throughput by facilitating both outfitting and
painting precise zones at specified times. U S shipbuilders are
adopting this logic and have a need to re-orient traditional hul
construction and painting planners. Further, they have a need to
teach outfit planners hull construction and pa|%t|ng options.

hj ective: Expand the text of Qutfit Planning to include hul
and Falntlng aspects of zone comstTUTITOM — Specifically, show that
the logic for the hull block construction ﬂEtROd and tof zone

outfitting and painting are identical

Approach: In order to maintain consistency and the same |evel of
conprehensi on, enploy the same resource team on a |evel-of-effort
basis, that prepared Qutfit Pl anning.

Benefits:  Shipbuilders will be able to train all functionaries
Who 1Tnmpact on planning in a co-ordinated manner

cost ©:  The overall estimated cost is $160, 000.
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Title: Zone Pl anning Exanple

Back%round: The book Qutfit Planning published in Decenber 1979

the National Shipbuilding Research Program introduced an advanced
outfitting approach which was devel oped by |shikawajinma-Harim Heavy
Industries, Inc. US. shipbuilders are rapidly acquiring an under-
standing and are formulating strategic goals. Sone have already
requested nore detailed information to facilitate inplenmentation.

Qbjective: Prepare a panphlet for an IH ship, which anticipates
a type which would nost characterize U S. ship construction for the
next decade. It is to contain exanples of at |east:

di agranmatics

material ordering zones

bl ock breakdown

rough conposite draw ng

pal et |ist

conposite draw ng

work instruction draw ng
h MM MP, MC and M.F

i. etc.

- D 53_093

Approach: Retain IHI Marine Technology, Inc. on a level-of-effort
asis to prepare an English language pamphlet including explanatory
material. Also, specify the level-of-effort for one subcontractor
to prepare and make modifications needed for publication.

Benefits:  Shipbuilders will be able to inplenent certain aspects of
zone planning pending the end products of other nore conprehensive
pertinent research projects.

costs :  The estimated overall cost is $90,000 with one half to be

specified for the special graphics and nodifications needed for publi-
cation. 1 yr.
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TITLE: Zone Planning Educational Aides

Background: The book, Qutfit Planning, published in Decenber 1979

b t%e NSRP i ntroduced an advanced approach which was devel oped

by IH . U 'S. shipbuilders are already adopting the |ogic and

have expressed a need for educational aides to assist Inplenmentation
Pl anni ng by zones necessarily means changes in traditional approaches
sucg as those already proven by the world s nobst conpetitive ship-
yards.

Obj ective: The objective is to use the nost effective techniques
fo describe various aspects of these new nethods to |ower and middle
managers in U S. shipyards.

Ag?roacm Subdi vide and prioritize the entire shipbuilding process
Into discrete functions. Establish the inpact of the new nethods
on each functional category. Develop specific aides to permt
under st andi ng of the objectives and procedures al ready inplenented
by very conpetitive shipbuilders.

Benefits: Primarily due to the near perfect inplenmentation of the
zone approach, sone shipbuil ders abroad expend only 1/2 the tine

and cost per ship as conpared to even the best U S. shipyards.

A general understanding will nost certainly cause inplenmentation

t hroughout the U.S. shipbuilding industry. This would assuredly
decrease these significant differentials.

cost :  The nost critical training aide required would address

functional and detail design. It's estimated cost is $150, 000.
Four additional subjects are estimated at a cost of $75,000 each
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TITLE . Handbook for Production Process Planning & Engineering

Background: The book Outfit Planning, published in December 1979
by the National Shipbuilding Research Program advised U.S. Ship-
builders of the relatively educated middle managers in the most
competitive Japanese shipyards and their very effective development
of planning and engineering of production processes. It is believed
by the most successful Japanese shipbuilders that U.S. shipbuilders
a;ehFarticularly deficient in not organizing and implementing in a
Similar manner.

Qbj ective: Describe the pertinent logic, principles and pethods of
fwo of the nost conpetitive Japanese shipbuilding firns. Apply
gpecial enphasis to organizations and the qualifications of |ncum
ents.

roach: Retain IH Marine Technol ogy, Inc., and Mtsui Engineerin
éﬁg Shi pbuilding Co. on Ievel-of-effc%% basis to prepare é%glish °

| anguage manual s that are well illustrated. A so: specify the level-
of-effort for one subcontractor to integrate the materials, develop
speci al graphics and make nodifications as needed to produce a single
manual .

Benefits: The benefits are optimzed and continuously updated rational -
Ized Tabrication and assenbly processes. These, when recorded as pro-
duction process standards, are the bases for a shipyard s standard
designs and/or provide beforehand necessary guidance for basic, func-
tional and detail design. Further, they are an essential means for

a shipyard to retain the accunulation ot useful fabrication and assenbly
experiences.

Costs :  The estimated overall cost is $280,000 with $100,000 applied

to each shipbuilding firms |level-of-effort and the remainder for pre-
parations needed for publication. 2 years.
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TITLE : El ectric Cable Palletizing

Background: A few U.S shipbuilders precut some cable to specified
lengths hefore installation even in the first ship of a class

However, the technique is not fully exploited whereas it is a signi-
ficant cost saving material control neasure in general use in the
Japanese shipbuilding industry. Paradoxically, because the USCG and

ABS al low el ectric cable splices specifically to facilitate the ship-
bui | ding process, U.S. shipbuilders have opPortunity to obtain greater
such benefits than are available to shipbuilders abroad.

Qbj ective: Describe the pertinent logic, principles and methods of
thl apanese shipbuilding firms known to routinely precut cable for
pal | eti zi ng.

eggroach: Retain Mtsui Engineering and Shipbuilding Co., and IH
rine Technology, Inc. on level-of-effortbasis to prepare English

| anguage panphl ets including explanatory materials. Also, 3ﬁe0|fy
the sub-level-of-effort for one subcontractor to integrate the
material s, deveIoP speci al graphics and nake nodifications as needed
to produce a single panphlet.

Benefits: The technique results in lower costs both for material
procurenent and handling and in vastly inproved naterial controls
and adherence to schedul es.

cost: The estimated overall cost is $140,000 with $50,000 applied

to each shipbuilding firnms’ |evel-of-effort and the remainder for
preparations needed for publication. 1 year.
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TITLE: U.S. Shipbuilding Standards Program - Long Term bj ectives

Background:  Japanese shipbuilders have been able to achieve signi-

ficant reductions in design cost and schedul e duration relative
to U.S. practice. A significant part of this reduction is due
to their extensive design experience and the documentation of this
experience in the formof standards. In that the U S industry
not devel oped this high |evel of design experience; and that at
this time it is facing the requirenent for ach|eVJng_shorter desi gn
and construction periods; an expanded U.S. Shipbuilding Standards
Programin the areas of functional design, detail design, and pro-
duction processes is recormended. It is felt that standards devel -
oped in these areas on an industry wide basis would have greater
val ue and acceptance than if developed only within the individua
shipyards. Additionally, these standards will be a necessary input
to the efficient use of advanced CAD systens that are projected to
be available by the md 1980's.

Obj ective: The devel opment of a conprehensive set of U S. Shipbuilding
tandards in the area of functional design, detail design and pro-
duction processes. These standards woul d be devel oped for the areas

of hull structure, machinery, deck outfit, accommodations and el ec-
trical for the range of ship types and power plants projected for

use in the 1980's and early 1990's. These standards would be used

to update the Marad shipbuilding specifications, and would be struc-
tured in a manner to facilitate their use in any advanced CAD system
pur chased or devel oped by the industry.

Approach: Purchase consulting assistance in the areas of standard
devel opnent, organi zation, maintenance and possible purchase of
exi sting standards from a |eading Japanese shipbuilding firm (such
as IH or Mtsui) having extensive experience in these areas. Docu-
ment and distribute the approach used for standards devel opnent and
mai nt enance and insure the use of a standard coding systemto the
extent practicable. ~Additionally, assistance would be obtained from
U.S. shipyards, design agents, owners, equipnent vendors and regul a-
tory bodies. Standard devel opnment would initially be based upon
the Marad standard designs; however, the devel opnent of future stand-
ards devel opnent is envisioned to include the devel opment and mainte-
nance of standards covering the required range of ship types and
power plants. The intent would be to naintain the maxi mum degree
of simlarity on standardization possible, while retaining the flexi-
bility of individual shipyards or designers being able to easily
not he standards to suit individual service requirenents.
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Benefits: The proposed project would lead to increased U S. design
experience in nang areas and the docunmentation of this experience
in-a form usable by shipyards, design agents, shipowners and Marad.
This would lead to a significant reduction in design cost and sche-
dule duration, which is a key requirement to the inplenmentation of
advanced outfitting techniques such as zone outfitting and to achiev-
ing the significant savings in production cost immnent in these
approaches.  Additionally, docunentation of design experience includ-
ing feedback fromall areas will assist in inproving the quality of
U S. Design work

Costs : (a) Initiate the U S Standards Program - state objectives
devel op an RFP, review the Japanese standards approach
1st hal f 1980.

(b) )develop standards for key ship types 1980-1985
(i ncluding Marad standard design)

(c) Expand and maintain program conti nui ng
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TITLE : U S. Shipbuilding Standards Program - Functional Design
Standar ds/ Modul es for Machi nery Spaces

Background: Japanese shipbuilders have been able to achieve signi-
ficant reduction in design cost and schedule duration relative to 1
practice. A significant part of this reduction is due to their exp
ence and the documentation of this experience in the form of stande
that include the area of functional design in addition to that of 1
material and fittings as presently covered by the U.S. standards p2
gram. It should be noted that the ability to speed up the design |

nnca ie pronciderad the kev +o the imnlementatrion of advanced outrfit
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ing techniques such as zone outfitting.

dDbjective: Develop with Japanese assistance in the technical and
Standards areas, functional design standards/ modul es for nachinery
spaces and rel ated systens. for the range of ship types and power
ran?es covered by the three Marad standard designs. These woul d

i nclude reusabl e nmachi nery space arrangenents; system diagrans;
definition of outfit units; pipe passage |ayouts; definition of
system and equi prent specifications; and to the extent practical,
definition of alternate vendor’'s equi pnent for the main engines,
generators, and key auxiliaries.

Approach: Functional design and standards devel opnent would be con-
guctea with the assistance of consulting in the technical and standards
areas from a Japanese shipbuilding firm (IH or Mtsui) having exten-
Slve experience In t hese areas. _ Additionally, assistance would be
obtained from the vendors of main propul sion engines and auxiliary
equi pment.  Functional design including arrangements, system diagrarmns,
etc., would be developed for the three Marad standard designs based
upon two main engine vendors. The intent would be to maintain the
maxi mum simlarity or standardization possible for this range of appli-
cations and ﬁpmer requirements, while retaining the flexibilit% of
I ndi vi dual shipyards or designers being able to easily nmodify the
standards to suit individual service requirenents.

Benefits: The ﬁroposed project would lead to increased U S. design
experrence in the area of machinery spaces and the documentation of
this experience in a form usable by shipyards, design agents, ship-
owners and Marad. This would in turn lead to a significant reduction
in design cost and schedule duration, which is a key requirement to

the inplementation of advanced outfitting techni ques such as zone out -
fitting and to achieving the significant savings in production cost

I mm nent in these approaches.

Costs :  To be devel oped.
Schedule: 12 nmonths - mid 1980 to md 1981 dependi ng upon funding.
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TITLE : Construction Services

Background: For many years, U S. shipyards have been plagued by

a "Helter-Skelter” approach to supplying construction services to
nost all work areas of ship construction. Poor construction service
practices result in poor housekeeping typified by cluttered decks

and access passage ways. These invite poor working conditions with
resul tant waste of manhours and potentially unsafe working conditions.

Obj ective: Develop a manual, for distribution to shipyards, that
woul'd describe and illustrate various methods by which construction
services can be installed to conveniently supply all the needed
services to shops and ships in a preplanned nmanner

Approach: The devel oper of the manual should study the various
yards 1n Anerica and selected foreign yards to determ ne present
practices. The problem covers all areas of ship construction and
a few candidate areas are as foll ows:
1) Scaffolding is always a problem particularly when needed
I'n such high and hazardous places as the underside of the
Upper Deck in large tankers and/or Bul k Cargo Shi ps.
presently the scaffold builder is faced with a heel - hangi ng
operation to both build and renmove such scaff ol di ng.
A possible solution is to have engineering, during
devel opment of structure draw ngs, design and detai
special scaffolding brackets, etc., which could be installed
during assenbly of a hull block. Hopefully these woul d
be aﬁproved by the owner of the vessel to permt wel ded
chocks, etc., to remain on the structure. This would make
the scaffold builder’s job safer in both installation and
renmoval operations.

2) Tenporar% l'ighting, conpressed air service, water for
fire fighting and other uses, gases used for cutting and
wel di ng, tenporary phone service, etc., for on-board use.
Al'l of these services have posed big problens. Normally
they are run fromthe ground and over the side of the
vessel at the nobst convenient place for a worker to use
at a given time. Many of these service lines remain in
place and tend to accunulate into a mass of cables and hoses,
nmostly underfoot and down |adder ways. A possible solution
for on-board use, is to have a series of portable archways
installed on the top-nost deck of the vessel with all of
t he above services suspended fromthe tog of the arch high
enough above the deck to permt passage below.  Standard
| engt h pi pe sections (flanged? coul d be devel oped and
mani fol ds for each system could be nmounted on the archways
at convenient spacing. Hoses could be used to connect systens
to towers at the side of the ship which would carry service
lines from distribution systens on the ground.
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3) Inproved material handling nethods for all types of
material s and eqU|ﬁnent such as pallets: types and
sizes, types of vehicles used to handle and transport,
methods to lift aboard ship.

5) Welding power sources and wel ding power distribution systens.
6) Tenporary ventilation systens for confined spaces.

7)  Rigging nethods and equipnment to help trades people handle
and install all manner of equipment and materials in both
shops and shi p.

8) Access nethods to assist nen to be transported from ground
to work areas on board ships -- both in the interior of
the vessel and on the exterior. This item should also
i nclude a planned arrangenent of tenporary openings in ship
structure for both horizontal and vertical access for nen
and construction service lines.

The above list is in no way to be considered conplete and the

devel oper of the manual should work with shipbuilders to assure that
all possible areas of construction service problens are included in
this survey.

Schedul e:  One year and 6 nonths from contract award.

Benefits: |f properly approached and acconplished the benefits
woul'd 1 ncl ude:
1 | mproved Safety (dramatically)
2) Dbetter working conditions will produce
. nore efficient work environnent
. reduced man hours
. shorter building schedul es

cost :  The estimated cost is $120, 000.

References:  “Project Safe Yard” L.B. Naval Shipyard
“Design for Producability”, NSRP
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TITLE :  Jigs, fixtures and special tools

Background:  Cbservations of fabrication, assenbly and installation
operations at Japanese Shipyards reveal many jigs and fixtures are
enpl oyed to assist in the joining of various parts and assenblies.
Many of these special tools could be readily adopted by U.S. Ship-
yards to assist tradesnmen in numerous production operations.

oj ective: Develop a well illustrated manual which describes the
use of Jrgs, fixtures and special tools.

AQ%roach: ~The researcher should canvas shipyards, both foreign
and domestic, for any jigs, fixtures or special tools now in use.
Revi ew equi pment aval |l able from specialty-tool manufacturers who
may have many such tools already avail able. (An exanple is the
Ener-Pac Co.” who nmarkets a nodified Jack clanp usi ngng smal |
portabI% hydraulic jacking device for aligning structures for

J 0i ni ng.

Schedule: Estimated duration is 1% years after award of contract.
Benefits: The use of special jigs, fixtures and tools can yield:
. Safer and better working conditions
« Reduced manhours and cost _
. Mre efficient use of material and services

cost :  The estimated cost is $100, 000.
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7.0 GRAPHI C EXAMPLES

The follow ng pages contain photographic illustrations of
various Japanese shipbuilding techniques.
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Qutfit |oalletizing utilizes standard containers which may easily
be handled by crane or forklift. Mtsui, Chiba.



Subcontractor provided pipe supports which have U-bolts tenporarily attached
for ease of in-process material control. Mtsui, Tomano.
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Various views of palletizing area for outfit material.

Mitsui, Tomano.

PRI . Se-

4




Various views of palletizing area for outfit material. Mitsui, Tomano.
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Various views of palletizing area for outfit material. Mitsui, Tomano.



Views of subcontractor provided fabricated materials,
elivered in lots that match specific pallets. 1IHI, Kure



Views of subcontractor provided fabricated materials, delivered
in lots that match specific pallets. IH Kure.
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On-unit outfitting in progress. IHI, Kure.



Conposite drawi ng usage at the fabrication stage for
on-unit outfitting. |H, Kure.
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pi eces assenbl ed together for test. NKK, Shim zu.
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Exanple of on-unit outfitting. |H, Kure.



Example of on-unit outfitting. Mitsui, Chiba.
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Example of on-unit outfitting. IHI, Kure
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On-unit outfitting illustrating the use of various
standardi zed support



On-block outfitting. Mtsui, Chiba
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Curved panel structural block outfitted
upside down. |H. Aioi..



Curved panel structural block outfitted
upsi de down. [H, A oi.
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On-bl ock installation of pre-cut (palletized) cable.
| H, Kure.
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On-block installation of pre-cut palletized) cable.
IHI, Kure.



On-block installation of pre-cut (palletized) cable.
IHI, Kure




Remmant s of precut (paIIetized) el ectric cable average

less than 2 neters in length regardl ess of cable dianeter

| H1. Kur e,
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Ground outfitting and assembly of containership hatch
coamings with hatch covers, including the completion
of all doging, seating and gasketing. IHI, Kure.
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Connection of units wth flexible couplings.
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Jigs used for curved panel structural assembly. IHI, Aioi.
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crate steel assembly mechanized jig. NKK, Shimizu.
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Scheme for lifting pads located near pad storage area. IHI, Kure.



2 hood

Al
b TE S

4
Rt e
o s,

. A

by i
LIRS 1 ¥ T

PSP

§ e

Heat line fairing, to correct for welding distortion. |H, Kure.
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Koi ke (Japanese manufacturer) plasma N C cutting machine wth vented
table. It produces significantly |ess noise than conventional
plasma and no water table is needed. NKK, Shi mi zu.




Portable tube welder for boiler fabrication.
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APPENDI X A

The following nine critical elenments were extracted from
reference 1.

MODULE BUI LDI NG

Descri pti on: This refers : to assem
blites of auxiliary equipnent, pipe
and valves in self-supporting nodul es
ready to be placed aboard ship. This
coul d include pipe assenmblies such

as reducing stations, heat exchangers
and punps, etc.

Points Evaluted: Extent of Mdule
Building, When Modul e Installed,
Testing.

OUTFI T PARTS MARSHALLI NG

Description: The collection into one
Kit or area all the material, techni-
cal information and tools needed to
construct a nodule or discrete piece
of work.

Poi nts Eval uated: Wen Marshalling
Takes Place, Scope of Marshalling.

PRE- ERECTI ON  QUTFI TTI NG

Description: This is concerned with th
degree of outfitting done on steel wor
Brjor_to erection on the ways or

ui I ding dock.

Poi nts Eval uated: Percent of Pre-

e
k

erection (ntr|tt|n% of Total Qut-
fit, Scope of Pre-Erection Qut-
fitting 1n % (approx.).

Al

Level of Difference
Forei gn Hi gher Than
U. S.

1.1
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ERECTION AND FAIRING

Description: This pertains to erec-
tion and fairing on ways or in build-

ing tools.

Poi nts Eval uat ed:
Trne. Dinensrona
Met hods, Fairing.

ON BOARD SERVI CES

Description: This Dertains to services
such as electricity; water, conpressed

Unit Size,

Hangi ng

Control, Alignment

Level

of D fference

Forei gn H gher Than
U.S.

air, other gases--on board ship on ways,
in building dock and outfitting pier.

Poi nts Eval uated: Extent of Services,

Services Configuration,

Housekeepi ng.

HULL ENG NEERI NG (| NSTALLATI ON)
Description: Installation of deck

machi ner e.qg. , steerin ear
| X S i% units, blgcég,

wi ndl asses

ship after erection.

Poi nts Evaluated: Timng and place of
Installation, Trades.

SHI P DESI GN

or the

Description: Ship Design to support
contract actions and to provide a
basis for production draw ngs.

i ncl udes: genera

arrangenent ,

shell plates, mdship section,
drawi ngs, and specifications.

Poi nts Eval uated: Shipyard role
Met hods, Data, Research

PRODUCTI ON  ENG NEERI NG

W nches,

Typically

[ 1 nes,
system

Description: Production Engineering includes

plant Tayout, equipnent design,

nmet hods,

standard” practices and design for produc-
tion. Deals with how the ship is to be built.

Poi nts Eval uat ed:

Or gani zat i on,

A-2

Scope,

Pr oduct s.

.8



HL.

Level of Difference
Forei gn H gher Than
U. S.

ORGANLZATILON OF WWORK 1.0

Description: The amount of flexibility

allowed management in the assignment
of work to the separate trades.

Poi nts Evaluated: Trade restraints,

area supervision work station organi-
zation.

A-3



APPENDI X B

The following are brief biographies of the U S. Team
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all new construction at Bath.
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tions, Inc., La Jolla, California. He is a graduate of
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tions to technical groups.

MEQUAI D, JOHN J.
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at National Steel and Shipbuilding Conpany in San Di ego.

He has over 40 years of experience in alnbst every facet

of the shiﬁbuilding business. M. MQuaid is a nenber of
SNAME and has witten articles and made presentations on
Japanese shi pbui | di ng.




PETERSON , ELLSWORTH L.

M. Peterson is the President of his own shipbuilding

conpany, Peterson Builders, Inc. '
U S Mritime Acadeny, Kings Point I_IeN|e§v %(o%?duaar% ﬁgstQSent

over 30 years in the shipbuilding business.

he is the chairman. of SNAME Ship’s Producti on%cr)rrrr%ntttlge.
M.. Peterson is a nenber of SNAME and has nade numerous
presentations at shipbuilding technical neetings.

VANDER SCHAAF, JAMES R

M. Vander Schaaf is currently Senior Naval Architect with
t he Shi pbuil ding Technology Goup within I TRI. has
more than 9 years of practical experience in al I_lephases
of software design, devel opnent and inplenentation for
ship design and construction applications. “has a B. S
and M'S. degrees in Naval Architecture and Marine E%grne'er-
ing fromthe University of Mchigan and an MS. degree in

Comput er Sci ences from John Hopkins University.

B-2



	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	LIST OF FIGURES
	1.0 INTRODUCTION
	2.0 PROJECT OBJECTIVES
	3.0 PROJECT TEAM
	4.0 JAPANESE YARDS VISITED
	5.0 KEY OBSERVATIONS
	5.1 SCHEDULING AND CONTROL
	FIGURE 5.1
	FIGURE 5.2
	FIGURE 5.3

	5.2 Organization of Work
	FIGURE 5.4
	FIGURE 5.5
	FIGURE 5.6
	FIGURE 5.7
	FIGURE 5.8

	5.3 Design Approach
	FIGURE 5.9
	FIGURE 5.10

	5.4 Material Definition and Procurement
	FIGURE 5.11

	5.5 Shipbuilding Standards and Modules
	FIGURE 5.12
	FIGURE 5.13
	FIGURE 5.14
	FIGURE 5.15

	5.6 Outfitting Approach
	5.7 Dimensional Control
	5.8 Steel Construction
	5..9 Welding
	5.10 Computer Aids
	FIGURE 5.16
	FIGURE 5.17
	FIGURE 5.18


	6.0  Conclusions and  Recommendations
	6.1 Recommended Projects
	TITLE : Zone Planning
	TITLE : Zone Planning Example
	TITLE : Zone Planning Educational Aides
	TITLE : Handbook for Production Process Planning & Engineering
	TITLE : Electric Cable Palletizing
	TITLE : U.S. Shipbuilding Standards Program - Long Term Objectives
	TITLE : U.S. Shipbuilding Standards Program
	TITLE : Construction Services
	TITLE : Jigs, fixtures and special tools

	7.0 GRAPHIC EXAMPLES
	Outfit palletizing utilizes standard containers which may easily be handled by crane or forklift. Mitsui, Chiba
	Subcontractor provided pipe supports which have U-bolts temporarily attached for ease of in-process material control. Mitsui, 
	Various Views of Palletising area for outfit material. Mitsui, Tomano.
	Views of subcontractor provided fabricated materialdelivered in lots that match specific pallets. IHI, KURE
	On-unit outfitting in progress. IHI, KURE.
	Composite drawing usage at the fabrication stage for on-unit outfitting. IHI,KURE.
	On-Unit and on-block outfitting in progress. IHI, KURE.
	Pipe pieces assembled together for test. NKK, Shimizu.
	Use of pipe shop area for other than fabrication: 25% devoted sorting by coating system,cleaning and painting; 
	A unit with walkway and handrails attached. IHI, Kure.
	Example of on-unit outfitting. IHI, Kure.
	Example of on-unit outfitting. Mitsui, Chiba
	On-unit outfitting illustrating the use of various standardized support devices. NKK, Shimizu
	On-block outfitting. Mitsui, Chiba
	On-block outfitting.  IHI, Kure.l
	Palletized material at site of on-block outfitting. IHI, Aioi.
	Curved panel structural block outfitted upside down. IHI, Aioi.
	Subcontractor provided diesel generators with foundations and some piping attached. Mitsui, Chiba
	On-block installation of pre-cut (palletized) cable. IHI, Kure
	Remmants of precut (palletized) electric cable average less than 2 meters in length regardless of cable diameter IHI, Kure.
	Ground outfitting and assembly of containership hatch coamings with covers, including the completion of all doging, 
	Flexible couplings temporarily fixed on-unit. IHI, Kure.
	Connection of units with flexible couplings. NKK, .Shimizu.
	Jigs used for curved-panel structural assembly, IHI, Aioi.
	Egg create steel assembly mechanized jig. NKK, Shimizu
	Scheme for lifting pads located near pad storage area. IHI, Kure.
	Heat line fairing, to correct for welding distortion. IHI, Kure.
	Koike (Japanese manufacturer) plasma N/C cutting machine with vented table. 
	Portable tube welder for boiler fabrication. IHI, Aioi.

	REFERENCES
	APPENDIX A
	APPENDIX B
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	LIST OF FIGURES
	1.0 INTRODUCTION
	2.0 PROJECT OBJECTIVES
	3.0 PROJECT TEAM
	4.0 JAPANESE YARDS VISITED
	5.0 KEY OBSERVATIONS
	5.1 SCHEDULING AND CONTROL
	FIGURE 5.1
	FIGURE 5.2
	FIGURE 5.3

	5.2 Organization of Work
	FIGURE 5.4
	FIGURE 5.5
	FIGURE 5.6
	FIGURE 5.7
	FIGURE 5.8

	5.3 Design Approach
	FIGURE 5.9
	FIGURE 5.10

	5.4 Material Definition and Procurement
	FIGURE 5.11

	5.5 Shipbuilding Standards and Modules
	FIGURE 5.12
	FIGURE 5.13
	FIGURE 5.14
	FIGURE 5.15

	5.6 Outfitting Approach
	5.7 Dimensional Control
	5.8 Steel Construction
	5..9 Welding
	5.10 Computer Aids
	FIGURE 5.16
	FIGURE 5.17
	FIGURE 5.18


	6.0  Conclusions and  Recommendations
	6.1 Recommended Projects
	TITLE : Zone Planning
	TITLE : Zone Planning Example
	TITLE : Zone Planning Educational Aides
	TITLE : Handbook for Production Process Planning & Engineering
	TITLE : Electric Cable Palletizing
	TITLE : U.S. Shipbuilding Standards Program - Long Term Objectives
	TITLE : U.S. Shipbuilding Standards Program
	TITLE : Construction Services
	TITLE : Jigs, fixtures and special tools

	7.0 GRAPHIC EXAMPLES
	Outfit palletizing utilizes standard containers which may easily be handled by crane or forklift. Mitsui, Chiba
	Subcontractor provided pipe supports which have U-bolts temporarily attached for ease of in-process material control. Mitsui, 
	Various Views of Palletising area for outfit material. Mitsui, Tomano.
	Views of subcontractor provided fabricated materialdelivered in lots that match specific pallets. IHI, KURE
	On-unit outfitting in progress. IHI, KURE.
	Composite drawing usage at the fabrication stage for on-unit outfitting. IHI,KURE.
	On-Unit and on-block outfitting in progress. IHI, KURE.
	Pipe pieces assembled together for test. NKK, Shimizu.
	Use of pipe shop area for other than fabrication: 25% devoted sorting by coating system,cleaning and painting; 
	A unit with walkway and handrails attached. IHI, Kure.
	Example of on-unit outfitting. IHI, Kure.
	Example of on-unit outfitting. Mitsui, Chiba
	On-unit outfitting illustrating the use of various standardized support devices. NKK, Shimizu
	On-block outfitting. Mitsui, Chiba
	On-block outfitting.  IHI, Kure.l
	Palletized material at site of on-block outfitting. IHI, Aioi.
	Curved panel structural block outfitted upside down. IHI, Aioi.
	Subcontractor provided diesel generators with foundations and some piping attached. Mitsui, Chiba
	On-block installation of pre-cut (palletized) cable. IHI, Kure
	Remmants of precut (palletized) electric cable average less than 2 meters in length regardless of cable diameter IHI, Kure.
	Ground outfitting and assembly of containership hatch coamings with covers, including the completion of all doging, 
	Flexible couplings temporarily fixed on-unit. IHI, Kure.
	Connection of units with flexible couplings. NKK, .Shimizu.
	Jigs used for curved-panel structural assembly, IHI, Aioi.
	Egg create steel assembly mechanized jig. NKK, Shimizu
	Scheme for lifting pads located near pad storage area. IHI, Kure.
	Heat line fairing, to correct for welding distortion. IHI, Kure.
	Koike (Japanese manufacturer) plasma N/C cutting machine with vented table. 
	Portable tube welder for boiler fabrication. IHI, Aioi.

	REFERENCES
	APPENDIX A
	APPENDIX B

